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Abstract- This paper aims to study the effect of  Trillium on Thermo -Mechanical characterization by add Te with three 
different weight percentages (0.3%, 1%, 3%) to a Cu-14%Al-4.5%Ni Shape Memory Alloy which prepared by casting 
method in vacuum induction furnace. Many tests and inspections such as optical and SEM examinations , DSC Measurement 
,XRD inspection , compression and Vickers  hardness tests were investigated. The results showed that there is an increase in 
the transformation temperatures, shape memory limits and anincrease hardness and decrease in Young Modulus   Also it was 
found that at0.3%wt Te gave better SME properties and Mechanical properties Due to the formation of both Austenite 
phases and   martensitic phase and Te particles distribution in martensite matrix of SMA. 
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I. INTRODUCTION 
 
Since the year 2000 Shape Memory alloys were 
included within smart materials, there is  an increase 
in demand for it applications including the non-
medical felid[1]Cu-alloys are good alternative for Ni- 
Ti Alloys in industrial application (MEMS, Actuators 
,Valves ,Damping applications) because of the low 
cost, easy manufacture and high temperature range  [2] 
but these alloy has a problem in brittleness , low 
shape recovery  strain ,To overcome these problems, 
two methods have been identified by the researcher 
thus far ,the addition of the alloying elements or heat/ 
aging treatment to control grain size which has an 
effect on the mechanical properties. 
 
recent studies showed that add fourth element to the 
alloy can effects the Mechanical properties  & shape 
memory Properties, the works of Saud etel[3,4]by 
adding a cretin amount about (1% of Ti, Mn, Co, Zr 
,Be ,Nb  and B)  to Cu-Al –Ni Showed an 
improvement in both mechanical & shape memory 
properties,Sampath[5] added Zr, Ti  Mn to Cu-14%Al-
4.5%Ni  resulted a grain refined structure about 1.5 
µm ,and a shifting in Transformation Temperatures  
for the SMA ,Sari[6] added 2.5% Mn to Cu-14%al-
4.5Ni  SMA result showed an increase in mechanical 
properties and in shape memory Properties. 
AbudlRaheem etal[7] added Fe to Cu-14%Al-4.5Ni 
which led to an improvement in both corrosion and 
Wear Resistance  .This alloyis commercially wanted 
for High temperature applications for the high range 
compared with NiTiand with by adding elements to 
precipitate in matrix to stabilize the β phase  and 
forming new Phases so that the alloy can be 
considered as High Temperature Shape memory 
alloys HTSMA with a range can reach up to (300 ◦C) 
and above for a better and more economical  
 

 
Applications .and also to improve shape memory 
properties and Mechanical properties of the alloy. 
 
II. EXPERIMENTALWORK  
 
2.1. Materials and Procedures 
A Pure Cu(99.99%)wires ,Al(99.99% purity) Foils & 
Ni(99.99%) powder were melt in vacuum  induction 
furnace under argon atmosphere at 1200 ◦C and then 
the melt was poured into a cylindrical alloy steel die 
(1.4 cm in  diameter),  then it was  re-melted and Te 
was added and stirred in three percentages 
(0.3%,1.0%, 3.0%) at 1100◦C, Homogenization was 
carried out at  900 ◦C for 30 min and then quenched 
in Iced brine solution ,wire cut into two specimens 
group one  2.8 cm height for a ASTM E-9 
compression test specimen  and the other group is 
0.5cm height for optical microscopy SEM ,HV, DSC 
and XRD .and chemical compositions as cast and 
homogenized as shown in Table (1).  
 

Table1: Chemical Composition of SMA 

 
 
2.2XRD & Microstructures 
XRD was performed by using Shmidzoo 3000 XRD- 
EDX instrument, Cu Target Cu(α) λ=1.45 A◦ , Also 
For microstructure examination the specimens were 
ground and polished and etched in solution which 
consists of ( FeCl3.6H2O+HCl+Methnol) and then 
examination was performed  using  for 4 min and 
then microstructure by Kruss optical microscopy & 
Tescan easy probe SEM –with attached Oxford EDS 
Unit  
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2.3 DSC Tests. 
DSC preformed  in SATRAN Labsys 300 with range 
(25 ◦C  - 250 ◦C) in both directions exothermic and 
endothermic result were exported to Microsoft excel 
To Calculate The equilibrium temperature from 
equation (1)[7]. 

푇° =
1
2 푀 + 퐴 −− −−(1) 

Where  
Ms = Martensite Transformation Starting       

temperature ◦C 
Af= Austenite  Transformation End    temperature ◦C 
 
2.4. Mechanical Tests 
Vickers Hardness test was performed by taking three 
readings and average value is used in Vickers 
hardness  equation and instrument model Larray 600 
was used for loading and unloading compression 
loads on the alloy. A  compression test by using 
Instron 1116 was used to find therelationship between 
stress-strain Diagram . 
 
III. RESULTS AND DISCUSSION 
 
3.1 XRD  
The XRD resulits  Showedin figures (1) ,(2) (3) & (4) 
, the main AlCu3 Phase in the phases and the 
Al7Cu23NiThere is shifting in the Chart with the 
increse of Te Pesentage Due to formation of 
intermetallic compond the stablization of β` Phase 
and γ` Phase and the increse of intesity which 
incresed from 4000 to 8000 CPSthe shfiting is due to 
the additionof Te 
 

 
Figure (1) XRD for Base SMA 

 

 
Fig.2. XRD for T1 Alloy . 

 

 
Fig.3. XRD for T2 Alloy . 

 

 
Fig.4. XRD for T3 Alloy 

 
3.2 Microscope Structure& SEM-EDS  
As shown Microscope Structure Showed the both the 
Stacked Piles in Pairs of two or four Martensite(γ`) 
and the needle like Martensite  
( β`) the Te Particles were non homogenized   
distributed in the matrix with the increase of Te 
addition  
 

 
Figure(5) Base SMAMicrostructure 40X-SEM 

 

 
Figure (6) T1 Alloy Microstructure 
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with the increase of Te Percentage in the alloy Te 
tend to group in certain spots as seen in figure (6) 
with the increase of β` phase more than γ` phase  as 
seen in figure (7) 

 
Figure(7) T2 Alloy Microstructure 

 
In figure (7) the γ ` Phase was more than  β ` phase in 
which effected due to the cooling operation or the 
effect of Te  

 
Figure(8) T3 Microstructure-SEM 

 
And in figure (8) we verified the Microstructure for 
T3 Alloy with EDS More β` phase than the T2 and     
γ ` phase  is less than T2  
 

 
Figure(9) T3EDS results 

 
3.3 DSC Curves  
 
Table2: Shape Memory effect results  

 
 
Table (2)  shows the shape memory properties , it 
shows an increase in transformation temperature in 

the case of T1 above the domain[1] (100-170) ◦C Due 
to the effect of Te addition while in T2 Alloy there is 
a limited shifting in the case of the end 
transformation temperature Mf&Af Due to the Te 
effect was halted by the γ ` phase is more dominating 
than β ` phase  ,with an increase in the equilibrium 
temperature as  shown in figures(10) ,(11),(12) and 
(13) respectively. 
 

 
Figure(10)  DSC Thermogram of Base SMA 

 
figure (10) shows DSC curve of base SMA the 
domain is in range and also the peak level is less as 
similar behavior as Ti in small amounts[4] 
 

 
Figure(11) DSC thermogram for  T1 Alloy 

 

 
Figure(12)  DSC Thermogram of T2 

 

 
Figure(13)  DSC Thermogram of T3 
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3.4 mechanical properties  
 

Table (3) mechanical test results 

 
 
T1 alloy showed the better results in mechanical 
properties as shown in table (3)  than T2 & T3 alloys 
.  
From hardness results it was shown that HV of  base 
alloy was slightly more than the T2 alloy  while the  
T3 alloy showed an increase over the limit while the 
un balancing phases did not affect hardness. The 
increase in hardness with respect to alloying element 
percentage effect was observed in the addition of 
elements like (Ti, Co) [4]  , 
 

 
Figure(14) thermo-mechanical characterization test for SMA 

 
On the other side the recovery strain showed an 
increase within the limit for T2 & T3 alloys but in T1 
alloy showed a decrease in recovery strain below the 
limit in way similar to the addition of small 
percentage of Co, and Mn to the SMA but with the 
increase of Te percentage the hardness decreased but 
in the case of T2 alloy with un balanced formation of 
β` and γ` lead to decrease in the young modulus in 
which the  γ` is more than the other which lead the 
result of a low young modulus and high recovery 
strain. 
 
CONCLUSIONS  
 
The Addition of Te to Cu-14%Al -4.5% Ni SMA  
was studied and major conclusions are as follows: 

1. In all cases, it was found that the adding of 
Te Increased Hardness which exceed the 
base alloy hardness at 3%Te  

2. In all cases the addition of Te Decreased The 
young Modules in Martensite Phase lower 
than the base alloy  But increased the 
modules in Austenite Phase But higher than 
the base alloy  

3. It was found that with Te Addition the 
Transformation temperature Shifted from the 
Base alloy and the increase of equilibrium 
temperature .  

4. Recovery Strain Decreased with the addition 
of Te but within the limit of the alloy. 

5. The Te Particles were non homogenously 
distributed in the Matrix. 

6. It was found that the best result occurred  at 
(0.3%) Te Addition . 

 
REFERENCES 
 

[1] Lexcellent, Christian “Shape Memory Alloy Handbook ”, 
John Wiley And son,New York USA .pp.2, 2007,. 

[2] MohdJani. Jaroudi ,leary.Martin, Sibic.Aleksander, “A 
review of Shape memory alloy research Applications and 
opportunities” Materials And Design , Vol. 
56,No.,PP1078-1133,2014  

[3] Safaa N. Saud , E. Hamzaha, T. Abubakara, 
RahelehHosseinian, “A Review on Influence of Alloying 
Elements on the Microstructure and Mechanical Properties 
of Cu-Al-Ni Shape Memory Alloys”, JurnalTeknologi 
(Sciences & Engineering) Vol:64,No:1 , PP 51–56,2013 

[4] Safaa N. Saud, EsahHamzah, TutyAbubakar, Mustafa K. 
Ibrahim, and AbdollahBahador “Effect of a fourth alloying 
element on the microstructure and mechanical properties 
of Cu–Al–Ni shape memory alloys” Journal.of Materials. 
Research , Vol. 30, No. 14, , PP 2258-2269 ,2015 

[5] Sampath .V "Studies on the effect of grain refinement and 
thermal processing on shape memory characteristics of 
Cu–Al–Ni alloys", Smart Mater. Struct. Vol.14 PP 253–
260, (2005) 

[6] Sari. Uğur,” Influences of 2.5wt% Mn addition on the 
microstructure and mechanical properties of Cu-Al-Ni 
shape memory alloys”, International Journal of Minerals, 
Metallurgy and Materials, Volume 17, Number 2, April 
2010, Page 192-197 

[7]  Abdul Raheem, K. Abid Ali & Al-Tai,Zuheir T. Khulief. " 
The Effect of Iron Addition on the Dry Sliding Wear and 
Corrosion Behavior of Cu Al Ni Shape Memory Alloy " , 
Eng. & Tech. Journal, Vol. 28, No.24, 2010 

[8] Lagodus .Dimiteres ,”Shape Memory Alloys Modelling 
and Engineering Applications “,Springler 
Berlin,Germany,2006  

[9] K Otsuka, CM Wayman," Shape memory Materials ", PP 
112-145 ,Cambridge University Press,  ,1999 

[10] Saud. Safaa .N., Hamzah. E, Abubakar. T., Bakhsheshi-
Rad. H.R  " Effects of Quenching Media on 
PhaseTransformation Characteristics and Hardness of Cu-
Al-Ni-Co Shape Memory Alloys ", Journal of Materials 
Engineering and Performance Vol. 24,No :4, April 
2014,PP 1522-1530. 

 
 
 
 
 

 
 


